A review of the most recent BABAR results on electroweak penguin B decays is presented. The focus of this paper is on the measurement of observables in the decays analysis) and B → (ρ/ω) γ.
INTRODUCTION
Rare decays are an excellent window for physics beyond the standard model (PBSM) to enter. The Feynman loop diagrams through which these decays proceed in the standard model (SM) could host additional particles from PBSM in the loop. Thus, the predictions from the SM of some of the observables (like branching fractions, CP-violating asymmetries and others) could differ from the measurements. This would indicate contributions from PBSM processes.
B → X s γ
The branching fraction is well known from experiment and agrees well with SM based calculations [1, 2] . Besides the measurement of the branching fraction, there are two major observables in this decay mode. The photon energy spectrum and the CP-violating charge asymmetry. The measurement of the photon energy spectrum can be used to obtain information about the b-quark mass and its kinetic energy inside the B-meson. The two decay products of a hypothetical free b-quark, the s-quark and the photon, would have a fixed momentum m b /2. Due to the confinement of the b-quark inside the B-meson, the energy of the photon is not monoenergetic but instead has a distribution. The first moment (mean) of this distribution is expected to be m b /2 and the second moment is a measurement of the kinetic energy of the b-quark inside the B-meson. The CP-violating charge asymmetry is expected to be less than 1% in the SM. A large nonzero measurement would therefore indicate PBSM.
BABAR has performed two independent analysis of this decay mode, a fully inclusive analysis and a sum-of-exclusive-modes analysis.
The fully inclusive analysis [3] uses a high-energy lepton (electron or muon) to identify the other B in the event. This analysis is based on 88.5 million BB pairs and the preliminary result for the branching fraction is B (B → X s γ) E γ > 1.9 GeV = (3.67 ± 0.29 ± 0.34 ± 0.29) × 10 −4 where the first error is statistical, the second systematic and the third is the uncertainty due to model dependencies. The preliminary result for the first moment is E γ E γ > 1.9 GeV = (2.288 ± 0.025 ± 0.017 ± 0.012) GeV . For the CP-violating asymmetry, this analysis obtains A CP B → X (s+d) γ = −0.110 ± 0.115 ± 0.017 (preliminary).
The sum-of-exclusive-modes analysis [4] reconstructs the X s hadronic system explicitly in 38 final states. However, an additional uncertainty related to the hadronization of the X s -system appears in this approach. This analysis is based on 88.9 million BB pairs and yields for the branching fraction (extrapolated from E γ > 1. [6] . Also, the CP-violating charge asymmetry is expected to be less than 1% in the SM [7] . On the other hand, PBSM could enhance this to order one [8] .
The most recent BABAR analysis [9] is based on 229 million BB pairs and reconstructs only charged particles in the final state. For the charged leptons only muons and electrons are considered. The measured branching fractions B (B → Kl + l − ) = (0.34 ± 0.07 ± 0.03) × 10 −6 and B (B → K * l + l − ) = 0.78
+0.19
−0.17 ± 0.12 × 10 −6 agree well with theoretical predictions [10, 11] . Also the measured CP-violating charge asymmetries A CP (B + → K + l + l − ) = 0.08 ± 0.22 ± 0.11 and A CP (B → K * l + l − ) = −0.03 ± 0.23 ± 0.12 as well as the muon-to-electron ratios R K = 1.06 ± 0.48 ± 0.05 and R K * = 0.93 ± 0.46 ± 0.06 agree well with SM expectations.
In this final state, the K 0 s and the π 0 -mesons are CP-eigenstates. The photon is predominantly left (right) handed in the decay b → sγ (b →sγ). Thus, the time-dependent CP-violation due to interference between direct decays and decays via B 0 −B 0 mixing is expected to be suppressed to less than 10% in the SM [12, 13] . Any measurement of a larger CP-violation would indicate PBSM.
Based on a data sample of 232 million BB pairs, the most recent BABAR analysis [14] 
Besides the interests mentioned in the introduction, this rare decay is also interesting in constraining Cabibbo-Kobayashi-Maskawa (CKM) matrix elements. The ratio of branching fractions B (B → (ρ/ω) γ) /B (B → K * γ) is in the SM related to the ratio of the CKM-matrix elements |V td | / |V ts | and thus to the poorly known far side of the unitarity triangle [15, 16] .
The most recent BABAR analysis [17] is based on a data set of 221 million BB pairs. No significant signal is seen and an upper limit at the 90% C.L. could be set for the ρ/ω combined branching fraction as B (B → (ρ/ω) γ) < 1.2 × 10 −6 . The SM based range of (0.8 − 1.8) × 10 −6 [15, 18] is already restricted by this measurement. A limit |V td | / |V ts | < 0.19 at 90% C.L. is obtained, ignoring theoretical uncertainties.
CONCLUSION
So far, no significant deviations from the SM have been seen. With BABAR continuing to take data, future updates of these measurements will significantly increase the precision of these measurements and further restrict the possible PBSM scenarios.
